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0 Senroactuator with feedaack and method Of calibrating same. 

@ A tow voltage direct cun-erit motorized servoacluatof having an output flear position feedback potentiometer 
with a ring gear received Initijilly loosely on tiie potentiomBfer shaft and In engagement with the output gear, A 
collar keyed hinged to the f otendometer shaft, hut axially movabia thereon, permfta the output gear to be 
positioned Independently of tte potentiometer far calibration without diaongaging the ring gear. With the output 
gear in the deaiied position the potaniiometer shaft Is rotated until the potentiometer roads the desfred 
percentage of lis hJll scale raiwtance or voltage output and. the coder is then moved axfally to a press fit with 
the ring gear to lock the calibiatlon and thereafter to rotate the poteatiorneter shaft with rotation of the ring gear. 
Tha motor dr|v© pinion Is a wcrm formed of material having a minor fraction (1 S%> of cWoro-fluorlnated polymer 
and a lessar fraction (2%) o' lutirlcafTt balance polyimido ptastic material. Th© driven gears ara fomied of 
material havfrig a minor fracton (19%) of chloro-fluorinated polymer and a lasser fraction (2%) of tubrfcant 
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SERVOACrUATOR WITH PEBDBACK AND METHOD OF CALIBRATING 



'0 



IS 



BACICGROUWD OF THE INVI-NTION 

The present inventions reilates to mtrtor driven servoactuators of ttie type operated by a low vottsge 
tftect current moior and employing a speed reducer to provide tiigh torque alow rate Of rotation output 
Servoactuators of this type ar<. known to employ a feedback potentioniBter coupled to rotate with the outout 
member lor providing a variable resfafsnca signal proporUonal to the rotalionsJ position of the output 
member An e>^pie of such a device is a servoactuator emptoyed for automotive passenger compartment 
temperature control systems, ona such device being shown and described in US. Patert 46ie 1B4 The 
«rvoEctuator in the aforesaid '184 patent employs a variable resistance strfp on a portion of th^ housing 
• f '^'^^'V:*^ thereaoainst by the output member tar provldlno an elecbl^ 
realslanfie signal pnspertional Id the rotational positior) of the output mamber- 

In^vhfing elacbic servoactuators having a slow rata of rotation output and hloh tonaue output for 
automotive applnaiions. It ha:i been found necessary to employ a low cun-ent high RPM driva motor to 
accommodata ihe on-board vehicle low voltage power supply, typically 12 volts, and to provide a 
numerically high-ratio speed nsduction in order to pravide the daslred output toit|ue and position resolution 
n order to achieve a numericilly hfgh-rafio speed reduction, several stages of gearing have been reouired 
to ac«,moda!B Bie high motor shaft RPM at the Input stage of the speed reducer: and. this combinaS has 
r P'^htemve levels of vibration and noise transmitted Id the vehicle passenger compartment 
through the aarvoaetuator end Ttotor housing. v^i •^xw^unam 

* *" '^^^ ^^"B feedback potentiometer, it has 

bw required to position the output member at a specified position and then assemble the potentiometer to 
^l^J^^'^ 1^"^ ^ potentiometer is p«,perly caHbrated for the output 

memberposrtion with rasped lo the full scale output of the potenbometer. This has resulted in complicated 

as SluSoSS?'""^ Prtcedures and difficulties in caJibrating the seivoactuator in high volume 

Therefore, if has been desired to provide a low cost ar>d compact low voltage d.c. motar-«oeraied 
seryoachjator having a numertially hlgh^o speed reduction between the motor and the output^member 
^ f-vo^uator that Is easily manufactured, aseemblad and calibraieo inTlgh volume 
produciioo and with minimum ntanufacturing cost 

» 

Smnmary of Wie Invention 

The present Invention provides a solution (o the problem of designing a low cost easily assembled and 
IB caiibraf^senroactuator operated by a low voltage direct current motor and providing a numerically hiah 
speed reduction between the motor Input and the rotational output marrber of the sarvoactuaj l^e 
Sftivoactuator of the present in/ention emptays a womi drive from the motor through tour stMea of oear 

n SiJ^SnSit s'Sl? ^^"^ poslUon^nal matches a 

aJT^n^^^iST*" '"'"^ *» """U'W collar keyed to the potentiometer shaft and 

^SL^i^^- 1 ^ to ^ased ^ the speed reducer output 

ZSL^t?!!* *° *^ electrical resistance signal 

oorreepeitdinp lo tte position of the output member. The arviuiar collar is then moved axlally on the kevMay 
Z^^^ fiter^agemant with the inner periphery of the potentiometer drive gear to thereby engage the 
dtfve gear wrfh the potenbometsr shaft for providing a feedback signal. THa senroactuator J the msant 
inven ion employe a unique anil novel oombinaiion of fluorinated andAjr chtorlnaled plastic oeMmUe and 
aoeial gears with a emaD amourt of lubricant oompounded therein in the speed reducer fer mhiimteing^ 



SD 



Brief Dascriptlon of the Drawi ngs 

Figure 1 Is a plan view or the senwactuator of the present invention wHh portions of the houskio 
broken away to expose th«. gear train; nousmg 
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Rgure 2 is a left <fld vlaw of the embodiment Rgure i ; 
Figure 3 id a sediDn view talcsn along section rndicaiing Ifne^ 3-3 of Rguro 2; 
Figure 4 is a ssctiDn view taksn along section indlcatmg fines 4-4 of flgur© 1; 
Bgur© 5 is a esctisn view taken along section incficatino Knea 5-5 of Hguro 4; and, 

5 

i=igure 6 Is a ectiematic of die electrical circuit for tfie servoactuator of Figure 1. 



Detailed Description 

10 * 

Befeffing to Rgures 1 and 2, the servoactualor of tha present invention is indicated generslly at 10 as 
having a housing comprafng a iowar case portion 12 having a generally hollow cupped-shape and a cover 
14 secured to the lower ease by surtable fasteners such as $cr$w6 16. Portions of Uie cover 14 have bsen 
brokdn *wey in Figure 1 to expose Che Inner workings of the servoactualor. The cover 14 has a surtable cut- 
is out 18 provided therein or exposing the electrical connectors pins 20, 22, 24. 26, 28, 30 and 32. which are 
adapted for electrical i:onnecUon a* wiil henBlnafter be described- With reference to Rgure 2, the 
servoactuator has an ou put shaft 34 extending from the lower case portion and adapted for rotary driving 
connection thereto by v rtue of oppositely disposed spaced flats, one of which Is Indicated by reference 
numeral 34 in FlgurQ 2. 

do Hefenring to Figure 1 . the tower case portion 12 has received therein a sub-fr^cttonal horaepower direct 
cun-ent motor 36 which tias an output ehafk 33 having a worni gear 4a attached thareto. The worm gear 40 
engages a helical gear ^2 which is joumalled on an axle pin 44 having one end secured to the lower case 
portion 12 and the other end aecurod in a euitabte boss (not shown) provided in the underside cf cover 14. 
Helical gear 42 has a pirion gear formed integralfy therewith on the hub thereof as shown partially at 46 by 

25 the broken away portion of the gear 42. Pinion 48 engages a second stage spur gear 48 which Is Joumalied 
on an axle pin SO which las one end received m a boss provided in the lower case portion T 2 and the other 
end of the pin receh^ed iri a con^ponding boss (not shown) provided in the underside of cover 14. 

Second stage spur neer 4a has formed integrally on the hub thereof a second stage pinion gear 52 
which engages a third si age spur gear 54, which is Joumalled about pin 56 anchored at one end In lower 

30 case portion 12 and at tf e other end in a suitable boss (not shown) pnjvldad fn the underside of cover 14. 
Third stage spur gear 54 has formed Integraffy therewith .on the hub thereof a third stage pinion gear 56 
which engages a fourth stage spur or output gear 80- The output gear GO is formed Integrally with the 
output aheft 20 (see Rgwre 2) which in the presonHy prefenwJ practice has has a shoulder 59 provided on 
the periphery thereof Joumalled In an aperture 61 in the lower case portion 12 of the housing and on an axle 

as pin BS pressed them'n aid which is joumalled in a suitable boss (not shown) provided in the underside of 
cover 14. 

Output gear 60 afso dngagee a toothed ring gear 64 which is pert of a potentiometBr assembly as wili 

herernafter described. 

A printed circuit boixd 66 is received In the housing lower case portion 12 and hae the electrical 
40 terminals 2^32 attached thereto as shown in Rgure 1 and has a portion thereof cut out to permJt motor 38 
to recess therein. 

Referring to Figures 4 and 6. the potentiometer asaembly indicated, generally at 83 Is shown wherein 
the potenttometer 70 prafsrably has a resistance of 10K onme and has a rocatable oonlrof shaft 72 
extending therefifom, whii:h shaft has e keyway 74 provided therein. Shaft 72 has received thereover fn a 

45 clearance fit retationship ring gear 64 which has a precisely controlled djametar cnuntorbore 76 provided 
therein. In the assemble i end calibrated condition shown in solid outline in FTgure 4, counteri3ore 70 is 
press fitted h rnterferenci» engagement with the outside diameter of collar 78 which is keyed to shaft 72 by 
a key AG received In the l»yway 74. 

Caicbration of the pofa^ntiometer is performed by positioning output gear 60 such that the flats on output 

so shaft 20 have the desirec rotational position with respect to the housing 12 for engagement with the device 
to be operated by servo 10, and positioning the shaft 72 of the potentiometBr to a rotational position such 
that the dasired percentage of Ml scale resistance or tha potentiometer Is detected electrlcany. With the 
output shaft of gear 60 positioned and wHh potentiameter 70 providing the desired output resistance, 
collar 78 1$ moved axfatly Item tt)e dashed fine position shown In Rgure 4 to the solid outline position 

59 shown in Rgure 4 wheri in the collar 78 engagee the counteriwre 76 of the ring gear 64 m Interference 
press fitted engagement li thereby rotatlonally position the shaft 72 with respect to the ring gear 64^ 

in the presently pron^med practice* the gears in the speed reducer gear train have a ratio overall of 
1500:1 and are tbrmod ol plastic material. Worm gear 40 Is preferably fbrmed of polyimide material having 

3 
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I'^'ia^'^'V! 'H^*^'^ P^^^ " ■ fra^"" »f fluon«i,lorinatBd polymer containing a lesser 
miiw fraction of tujjncam. Ir me pr«««i(ty prafened practice me worm goar Is lormed of nylon material 
havmg about 18% polytM^fk Droflthyleno (PTFE) and al»ut a% silicons lubricant 

nr Ilff '^I!"^- ""^ "^'"^ 3^^"^ '■"'^9""y *«^«>^ pinions ara formed 

Of acotaJ iBsin having about 19% polytelrafluorosthylene arxl about 2% silicone oH lubricant It will be 

J!I]nriI^^!f ''"^1! ^ T. ^^^'V ihe presently p<«fen^ practice. Other auitable 
HuonnatBd poiymerg tor floro- :hiorinated polymers may b9 employed Jn place of the PTFE 

™„»!f"JI^ni° n^"^ ^' *^ ^^V^ ^'^^^ ^ awvoaetualor of the present invention is indicated 
■ " POS"**" «* lie line pov/er switch 86 

and posrtioning of a temperature select potentioniater 69 provides power to the ciTCult at Input pin 32 and 
^cecves a control signal input at pin 28 thereof through resistor HI to junction SO. Junction GO is connected 
*.r!u'^'* * ° ''"^ comparator Ui at pin 8 thereof and Is also connected 

•T ^nT' to the wper ann of potentlcmeter 70 which is a variable resistor R10. The variable 
resistor R1Q Is powered tfircugh diode CR2 and resistor R8 by battery vottage through pin 32 and is 
fs reeulated by zener diode CRi . » x u^j mrBugn pin ^ ana is 

nrr^l^fl^oTl^^ ^"^"'^ ^"^^ ^* "^""9" "» connected to the 

Z i f «^PPV voltage through Juncdon 94 Is aJso 

applied through resistor R9 to junction 100 and thrt)ugh junction lOa lo a second-haff negative input at oin S 
t^uH T^^^l Input at pin e of the second-half of the compear UI liZZ^^ 

?u^Tj»I^I°t ^ .? J:T^ """" P'" e Of the output of the fir^alf^ comparator U1^e 
t^l? f "^^^ *f ^ '* ^"""^ ' ^""^ ''^"'^•^ ^"'^lor R7 to the negative 

ST^^'^^r^" "1* 'TL"u ' """^^ ^ ^ connected through junction 108 to output p^ 3 of 
SlTs^^JL? nT""*^' ™ « connected between junctions 106 and 104 and 

feedback resistor R4 is conn».'{ed between junction 102 and 108. The values of resistances. caoacHances 
and dtode designsiions are givsn In Table I below: ^sancaa. capacitances 



2Q 



3S 



so 



5S 



R 


Onms 


c 


Micro-Farads 


Oiodss 


Typ9 


1 


1(DK,t% 


1 


.1 


CRI 


Zener, 27v 


2 


931K,1% 






CR2 




3 ' 


ICOK.1% 








4 


3 Msg. 










5 


4S9K,1% 










6 


3 Meg. 










7 


4.99.1 %1/4w 










8 


30.2W 










9 


100K 










10 


10<, Vsf. 











Ui votege at junction 90 from Input resistcr 88 and resistor RIO and pin 8 of device 

UI IS lera than the voltage at fin 7. the motor rotates in one direction and when the voltaoe at Junction 90 

the voitasie at junction 90 equals the voltage from luncdon loJS^pSto^nal 
and r of inrheraupon the coriparator will pull the nMtor. 

r.ri.ISL''^"' provides a servoectuator providing a numerfcaily high ratio of speed 

ITT, sub-fractlonal horse power direet cuneni low voltage electric moJer Ta gear^ oS! 

""S^r.'' f P'"^' 8*^- '»««*'rihaft gear Is a worn, gSTSm^S 

m-^^^^i^'"- ^V""*"'"9 and spur gear^ in the drlvetraln are fonned of aceM pS? 

*a Pdentlomoter of the present servoactuator has a drive ring gear engaging 

«^ .^"^ ITl^" potentiometer shaft initially In a loosely fitting wringemS^Ai 

oZ.^LT °i * f^f^^'tor caBbration Is accomplished simply end ineiensiveiy by ,SJ^g7s 
*?llnl'^ f poaitio.T^d mtaimg sepaiatoiy the potenflometer sh^thin the nng^^Vn^' 

T^cS^S^J^^J" l''^ con^ondlng to Ihe desir«l percentage of iti ^I' sTJ 

eleetncal resotance tor the seleelsd output gear po9ltlen. The annular collar Is then moved a>dally oTfte 
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key for eng^gomdnt in u press or InteHeronce fit with the ring o^ar to lock the ring gear to ttiQ collar for 
thereaftsr providing driving engagement betvveen the rfng gear and the potentiometer shaft Jha servoac- 
tuator of the present invcfOtlon thu? provides a means for calibrating the servosctuator alter assembly of the 
gear train wlihout the net^essity oF nemoval or disengagement of any of the gears. 
$ In another aspect of the fnvention, the construction of the gear traJn employs a unique combination of 
materials therefor which provides improved silencing of the viijration and noise of the mnnlng gears. 

Although the presen* invention has hereinabove been descried with respect to ihe illusfdted embodi- 
ments, It will be understood that modifications and variations may bar made In the invention which is limited 
only by the scope of the fbliov/ing claims. 

to 

Claims 

1. A servoactuator ocmprtsing: 
19 (a) housing means: 

(b) motor mearks mounted on $aid housing means and operable upon electrical ener^zation to 
provide rotation of a nr^otor shaft; 

(c) speed rodudno means driven by said motor shaft and having an output shaft means adapted for 
connection to a device tc bo driven: 

90 (d) feedback means having an input means oouplad to said output shaft means for movement 

thereby, said feedback means operativa to provide an electrical signal Indicative of the position of aald input 
means; and, 

{ej said Input means Includes a first member operativa upon rotation io provide sa'd eeid Signal and a 
second member receive>l over and retained on said Hrst memlser end engaging said output shaft means, 
3s said first memt)er movable betweenr a first poslddn pemiJttlng relative rotation between said first and second 
member and a second position securing said second members to aald first member for rotation therewith. 

2. The Gdrvoactuator defined in daim 1. wherein^ 

(a) said foedbacl< means comprises a potentiometer with a rotatabie shaft; and, 
30 (b) ssid Input means first member comprises an annular member hinged to said rotatable shaft and 

said second member coiTiprlses a ring, gear means fitted onto ^aid first member when said member re in 
^said second position. 

3. The servoactuator defined In claim 1. wherein said motor shaft indudas a a worm gear and said 
OS speed reducer means Inc ludas a gear driven by said worm gear. 

4. TTie servoactuatDi defined In claim 1. wherein said motor shaft fncludes a worm gear formed of 
pidstic selected frcm the group consiating of material having the composition thereof essentially of: 

(a) polymide and 5 minor fraction of f luorinaied polymer; 

(b) polymide and s minor fraction of fluoro-chlorinated polymer 

40 (c) polymide and i\ minor fractton of lubricant; and, ssid speed reducer includes a plastic driven gear 

engaging aald worm geai. 

5. Tha senroactuatoi defined in claim 1 . wherein said motor shaft Includes a worm gear formed of 
plastic material and said apeed reducer includes plastic driven gear engaging said worm gear and formed 

45 of material seleded from the group consisting essentially of: 

(a) a minor fractior. of fluorinated pdymer balance acetal resin, 

(b) a minor fractior of lubricant balance acetal resin, or 

(c) a minor fr^clror of lluorinated polymer with a leeser fraction of hibrrcant baJSnce acetal resin. 

so 

6. The eervoactuatoi defined In claim 1 , wherein said motor shaft includes a worm gear formed of 
plastic material Consisting of a minor fraction by weight of fluorinated polymer and a lesser Cracbon by 
weight of silicone oil balance polymide and said speed reducer Includes a plastic driven gear engaging said 
worm gear, 

S5 7. The servoacfajator defined In claim 1« wherein said motor shaft Includes a plastic worm gear and said 
speed reducer kidudBs s driven gear formed of plastic malaflal consisting essentially of a minor fraction by 
weight of fluodnated poly-ner aid a leeser fraction of silicone oil, balance acetal resin. 



5 
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of mtZ!!^ ^^"^^ ^' ^^^l shaft includes a plastic worm awr fbrmad 

2 ^ nr^^'y "^""^ "wri^ted polymer. abSJsrTy^Sft slS« 

s « J; !S ^ i ' • -^"tor Shan inslud^ a plastic v^rm near and said 

s spesd reducer includes a plastic drtven gaar formed of material consisHnq esOTnfelh,Ti*Sr^^Li 

fluorinaied polymer and about 3% by weight silicone oil. balance acetS ia* »»/ "^-ght 

J?:? servoacti/ator of the type having a motor dr^en speed reducer mean^ with 

in ,ha? '''' ' '^"""S tl« output gear meC<S!^TSariS 

" , . »JeitBntiometBi has on Input «haft vylfft an input gear rscslved ttisraon in 

.^««njlp.6aid input gear cDupteJ to saw ««put gear means f?^ " 

(Dj a retajning membsr received on said DolentloiTietar fihaft in j • 

Uterewjft, ,ald .etaining memb^ mo^bla anally SaS^aT^. i^S; pa^eTS sSZL'^eafl' a 



t9 



potelmirS*^'* •■-^■"0 '--"^ '••^^^b'y engaged to »Id 

an oliL^ '""'"^ ^" efactrically powered motor driven speed r^cer means wHh 

1 "^^"^ ' '"""^ of material havtog a minor SrJSorinatorf 

polymer, a l^erfraclfon of lubricant balance plastic, and at (east one gear driven by ^^^^ 
ZZ!7.:^r^ ot autterta . minor fraction «, ,K«Hnated po^mer. . kZT^JZZ 

^rof^^^rissr "'^ ^"^'^ ""^ "^"^ 3- 

O^irof^^tiSa?'"" ""^ ^-"^^^ ^ ''"-r gear ccr^^ 

«J!;.«^!J^T^^ '^'l "^-m flear lesser ftacfion of lubrlomt can>i>«<. 

essenfaatly of about two pancen : (2%) silicon© oil 'r««nQn or luoricant eandats 



30 
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